The absolute and relative effects of the fi rst thinning on the diameter growth distribution along the stems were studied in 98 Scots pines (Pinus sylvestris L.) at heights of 1.3, 4, 6 and 8 m. The data cover one 3-year pre-thinning period and four 3-year post-thinning periods in plots with densities varying from 575 to 3400 stems ha -1 . A shift in the point of maximum diameter growth down the bole was found during the fi rst 3 years after thinning, with a shift back up the stem later. The thinning response over the whole 12-year post-thinning period was strongest the nearer the stem base and the heavier the thinning. The largest trees had the highest diameter growth after thinning in absolute terms, and the growth was greater the heavier the thinning. The absolute thinning response over the 12-year post-thinning period was highest in the medium tree size and in the largest trees, especially on the heavily thinned and lightly thinned plots. Whereas in the moderately thinned stand the smaller and larger trees responded more than did those of medium size on average. In relative sense, however, the small trees on heavily or moderately thinned plots responded more rapidly and more strongly than the medium-sized or large trees over the whole stem. The small trees on the lightly thinned plots responded only slightly to thinning. The results suggest that it is possible to affect the uniformity of wood properties (such as ring width) both within and between trees by thinning.
Introduction
The absolute and relative growth responses of a tree to thinning can be defi ned respectively as the difference and ratio between the actual growth and the corresponding assumed growth if unaffected by thinning (Jonsson 1995) . Both the measured growths of trees on unthinned control plots (Jonsson 1995) and the predicted growths computed by assuming harvested trees to be standing trees (Pukkala et al. 1998 ) have been used to represent unaffected growth.
In earlier studies, a diameter growth response near the stem base has been evident immediately after thinning (Vuokila 1960 , Valinger 1992a , Tasissa and Burkhart 1997 , Pukkala et al. 1998 . No temporary growth decline (i.e. thinning stress) has been found at the stem base after thinning, but rather the diameter growth has increased more substantially in heavily thinned stands than in less severely thinned or unthinned ones (Hilt and Dale 1979 , Thomson and Barclay 1984 , Moschler et al. 1989 , Tasissa and Burkhart 1997 , Pukkala et al. 1998 , Pape 1999 . The thinning response diminishes with time, however (Hynynen 1995, Tasissa and Burkhart 1997) .
On the other hand, the thinning response has been found to vary along the stem due to changes in the pattern of wood deposition (Farrar 1961 , Myers 1963 , Thomson and Barclay 1984 , Tasissa and Burkhart 1997 . The release of a tree from competition has the effect of producing a more tapered stem by virtue of greater stimulation of xylem production towards the base than at the upper levels immediately after thinning (Larson 1963 , Kozlowski 1971 , Barbour et al. 1992 , Valinger 1992a , Tasissa and Burkhart 1997 , Pape 1999 . Thinning therefore directly affects the form and shape of the residual trees (Larson 1963 , Arbaugh and Peterson 1993 , Tasissa and Burkhart 1997 .
A shift in the pattern of wood deposition down the stem following thinning and then back up the stem with time has been observed earlier by many authors (Vuokila 1960 , Larson 1963 , Myers 1963 , Borosowski and Kolosowski 1971 , Thomson and Barclay 1984 , Valinger 1992a , Tasissa and Burkhart 1997 . Borosowski and Kolosowski (1971) , for example, argued that this shift of growth back up the stem would also be a response to increased stand closure after thinning. On the other hand, such a shift in growth could also be an effect of decreased wind sway as stand closure increases again (Jacobs 1939 , Valinger 1992b . Diameter growth has been observed to increase most notably after thinning along the lowest third of the stem, while thinning has had either a slight positive effect or no effect on the middle stem and diameter growth at the top of the stem has even decreased compared with trees grown under unthinned conditions (Vuokila 1960 , Forward and Nolan 1961 , Valinger 1992a ). Thus, trees in thinned stands tend to behave as open-grown trees, i.e. with a large radial growth in the lower part of the stem (Hartig 1870 , 1891 , Metzger 1896 , Farrar 1961 , Assmann 1970 , Valinger 1992a .
Irrespective of stand density, the dominant and co-dominant trees with the best growing conditions and physiologically effi cient crowns have a higher individual growth rate and more tapered stems than suppressed or intermediate trees, because they distribute more signifi cant amounts of metabolites to the lower stem (Larson 1963 , Kozlowski 1971 , Tasissa and Burkhart 1997 . On the other hand, dominant trees with large crowns in particular have been reported to show a minimal (relative) response to thinning, which merely helps them to maintain their rapid growth rate, while suppressed trees have shown a relatively greater response (Larson 1969 , Pukkala et al. 1998 . In absolute terms, however, dominant trees increase their diameter growth more than do suppressed trees. Furthermore, although suppressed trees could react more rapidly and strongly (in relative terms) to thinning than dominant trees, the decline in their growth is accordingly more sudden (Vuokila 1960 , Larson 1969 , Pukkala et al. 1998 . Nyyssönen (1954) , Niemistö (1994) and Pukkala et al. (1998) have argued earlier that both absolute and relative thinning responses in Scots pines (Pinus sylvestris), for example, are at their maximum among co-dominant and intermediate trees. In contrast, Jonsson (1974) , Moore et al. (1994) , Hynynen (1995) and Pape (1999) have suggested the same relative thinning response irrespective of tree size, especially among trees that were dominant at the time of thinning.
Thinning will affect growth, and consequently give rise to different wood properties, both by accelerating the growth rate of the trees and through selective removal (Persson et al. 1995 , Pape 1999 . Thus the thinning response and its dependence on tree size, growing space and changes in growing conditions form a body of highly relevant information for use in practical forest management, potentially allowing the timing and intensity of thinnings and the selection of trees for removal to be optimised in such a way that the desired thinning response in terms of wood quantity and quality could be obtained. A variety of alternative approaches have been used so far to address thinning response of trees in forestry, i.e. from graphical and statistical analysis on the effects of thinning on ring width distribution (see Vuokila 1960 , Farrar 1961 , Forward and Nolan 1961 , Myers 1963 , Larson 1969 , Kolowski 1971 , Hilt and Dale 1979 , Thomson and Barclay 1984 , Moschler et al. 1989 , Barbour et al. 1992 , Valinger 1992a , Arbaugh and Peterson 1993 , Niemistö 1994 , Tasissa and Burkhart 1997 , Pape 1999 ) into modelling such as covariance modelling (focus on within-tree variation) or mixed-effects modelling (focus on tree to tree variation) among others (see Hynynen 1995 , Gregoire et al. 1995 , Tasissa and Burkhart 1997 , Herman et al. 1998 , Pukkala et al. 1998 ). In the above context, this work was aimed at studying, based on both graphical and statistical analysis, the average absolute and relative effects of the post thinning stand density (not single tree level or within-tree variation) on the diameter growth distribution along the stems of 98 Scots pines (Pinus sylvestris) at heights of 1.3, 4, 6 and 8 m. The data cover one 3-year pre-thinning period and four 3-year post-thinning periods and apply to plots with densities varying from 575 to 3400 stems ha -1 . In the above context, the dependence of the diameter growth response on the post-thinning stand density and the tree size (diameter) at the time of thinning was studied along the stem.
Material and Methods

Site and Measurements
The data were derived from a long-term thinning experiment taking place close to the Mekrijärvi Research Station in North Karelia (62°47'N, 30°58'E, 145 m a.s.l.). The experiment was established in summer 1986 in a naturally regenerated stand of Scots pine (Pinus sylvestris) growing on a site with a rather poor nutrient supply (Vaccinium site type). The experiment employed ten plots of size 40 m by 30 m. The treatments were randomised: one plot was not thinned and nine were thinned from below to densities of 575 to 3400 stems ha -1 in winter 1986-1987 (Table 1) . The experiment was designed to have a gradi- Table 1 . Stand characteristics of plots in the different stand density classes after thinning in 1986/87 and in 1997. N = number of stems ha -1 , G before and G = stand basal area before and after thinning, respectively (m 2 ha -1 ), D = mean diameter at breast height (cm), H = mean height (m), T = mean breast height age (yrs), and g = weighted by tree basal area. ent of many thinning treatments. Each plot was surrounded by a 10-m buffer zone, which was treated in the same way as the plot. The mean breast height age of the stand at thinning was 22 years, and the initial basal area varied between 20 and 25 m 2 ha -1 , with the exception that Plot 3 had a basal area of 13.2 m 2 ha -1 (Table 1) . The plots were re-measured ten years later, in 1997.
A total of 100 sample trees were chosen so as to mirror the between-tree variation in growth rates, i.e. the sample trees, 10 trees per plot, represented different diameter classes on the plot (three small, four medium-sized and three large trees were selected). These sample trees were felled in the autumns of 1998-1999 and crosssectional discs were taken at fi xed stem heights of 1.3, 4, 6 and 8 m. A wedge of wood 5 cm thick was sawn from each disc in a north-south direction for measurements of ring width. The ring widths of samples with a 12% moisture content (air dry) were determined by the image analysis technique WinDendro TM with an Agfa scanner (Regent Instruments Inc.). The ring widths were measured separately towards the south and north to the nearest 0.01 mm, working from the pith outwards, and the two sets of data were summed for the analysis of diameter growth.
Data Analysis
To analyse the effect of the post-thinning stand density on the average diameter growth at various heights (independent of tree size), the plots were placed in four classes according to the post-thinning stand density: plots <1000 stems ha -1 (i.e. heavy thinning, with 61-63% basal area removal), plots with 1000-2000 stems ha -1 (i.e. moderate thinning, with 33-45% removal), plots with 2000-3000 stems ha -1 (i.e. light thinning, with 16-28% removal) and plots with >3000 stems ha -1 (i.e. no thinning). The plots in the densest class are regarded here as unthinned, although in practice Plot 2 was unthinned and Plot 1 was very lightly thinned, but with 9% basal area removal of dead and dying trees (Table 1) . Although not fully correct expectation, the density classes after thinning were considered to be merely produced by thinning. However, the mean diameter at breast height (dbh) of the sample trees at thinning was almost the same in the various stand density classes, i.e. 9.1±1.3, 9.5±1.8, 9.0±1.9 and 9.3±2.1 cm from sparsest to densest, and the mean heights were 9.3±1.1, 9.7±0.9, 9.8±1.0 and 9.7±1.1 m, respectively.
To analyse the thinning responses of trees of different size (diameter), the sample trees within each stand density class were classifi ed into three dbh classes (dbh1, dbh2, dbh3) according to their diameter at the time of thinning. Dbh1 consisted of trees with a diameter of 5.5-7.9 cm (3, 5, 9 and 6 trees, from the sparsest stand to the densest one), dbh2 trees with a diameter of 8.0-10.4 cm (13, 15, 15 and 8 trees) , and dbh3 trees with a diameter of 10.5-13+ cm (4, 10, 5 and 5 trees). The ranges of dbh classes were selected so that the sample trees within each stand density class were distributed into the dbh classes as evenly as possible. Thus two trees with a dbh less than 5.5 cm were rejected from the two densest classes because there were no trees as small as this in the other stand density classes. All the analyses were thus carried out for a total of 98 sample trees.
The data consisted of the annual diameter increments over the period 1984-1998, grouped into 3-year periods for analysis purposes: the fi rst period from 1984-1986 representing the pre-thinning growth and the following ones subsequent post-thinning growth periods. In a pre-analysis of the data it was found that there were no statistically signifi cant differences (p<0.05) in average pre-thinning diameter growth (years 1984-86) between the stand density classes (independent of tree size), except at the 8 m height level (see Results, Table 2 ), where that on the heavily thinned plots (<1000 ha -1 ) was signifi cantly lower than on the unthinned (>3000 ha -1 ) or moderately (1000-2000 ha -1 ) thinned plots. Similarly, there were no statistically signifi cant differences in average pre-thinning diameter growth (years 1984-86) between the trees of different size in the stand density classes, except at 4 m height and dbh 10.5-13+ cm and at 8 m and dbh 8-10.4 cm (see Results, Tables 3 and 4 ). This was expected to provide a good basis for comparing the absolute and relative thinning responses, in which, fi rstly, the diameter growths for the same growth period and height were compared between the post-thinning stand density classes in order to study the average diameter growth response to thinning. Secondly, the diameter growths for the same growth period, height and diameter class (dbh1-dbh3) were compared between the post-thinning stand density classes to study the thinning responses of trees of different size (diameter).
The study design was pseudo-replicated, because there were several trees measured from each plot, i.e. trees were not independent observations. It was possible to include the correlations in the analysis using a mixed modelling approach, and therefore, a mixed linear model with random plot factor was fi tted for the total post-thinning diameter growth at breast height using post-thinning stand density and tree diameter as predictors. However, the random plot factor was not signifi cant suggesting that also the within-plot correlation could be negligible and thus analysis of variance was justifi ed. Thereafter, the statistical signifi cance of the differences between treatments was studied with the help of one-way analysis of variance (SPSS Inc. 2000) . The pairwise multiple comparisons between stand density classes were performed using the LSD (least signifi cant difference) PostHoc test, because the data was found homogeneous (according to the test of homogeneity of variances). If the level of signifi cance of a statistical analysis was less than 0.05, the difference was called signifi cant.
Variation in annual climatic factors was not taken into account, because comparisons were not made between growth periods, and in any case calculation in terms of 3-year growth periods smoothes out most of the annual growth variation. The averages of the annual growth indices based on the diameter growth of all trees on the unthinned plot varied between 98-102 for the 3-year growth periods (Pukkala et al. 2002) .
Results
Average Thinning Response
In the unthinned plots, the post-thinning diameter growth decreased as a function of ring age at every height level, as could be expected (Fig. 1,  Table 2 ), while the diameter growth on the thinned plots showed a clear thinning response (Table 2) .
The timing and magnitude of the diameter growth response varied along the stem. During the fi rst 3 years after thinning (1987) (1988) (1989) , the diameter growth increased markedly only near the stem base, so that at breast height level (1.3 m), the fi gure was on average 16% higher on the lightly thinned plots (2000-3000 ha -1 ) than on The horizontal thin line is the maximal 3-year diameter growth for desirable wood quality (i.e. ring width < 2 mm) used by Uusvaara (1985) .
the unthinned plots (Table 2) , the corresponding percentages for the moderately thinned (1000-2000 ha -1 ) and heavily thinned plots (<1000 ha -1 ) being 40% and 58%. The diameter growth immediately after thinning was thus signifi cantly higher in these two sparsest classes than in the two densest classes. The response of diameter growth at the 4 and 6 m height levels to thinning was slight but not signifi cant during the fi rst 3-year post-thinning period, while at 8 m, thinning even reduced the diameter growth especially, if heavy (Table 2) . During the second 3-year period (1990-92), the diameter growth response to thinning was signifi cant up to a height of 6 m on the stem, except in the lightly thinned plots, which did not differ from the unthinned ones (Table 2) . Thus a shift in the diameter growth distribution back up the stem with time was observed. During the third 3-year period , all the differences in the mean diameter growth of trees between the stand density classes were signifi cant, except for the difference between the two sparsest classes at a height of 8 m. During this period, i.e. 7-9 years after thinning, the diameter growth response to thinning was at its maximum at 1.3, 4 and 6 m. The highest relative thinning response was recorded in the diameter growth of the trees on the most heavily thinned plots, which was 155%, 140% and 109% higher than on the unthinned plots at heights of 1.3 m, 4 m and 6 m, respectively (Table 2) . At 8 m, the growth response still seemed to be increasing or to have remained at the same level during the next 3-year period. During the last measurement period (1996-98), most of the differences between the thinned and unthinned plots remained signifi cant, although the thinning response started to diminish, except at 6 and 8 m in the heavily thinned plots, where it still increased.
The thinning response over the whole 12-year post-thinning period was stronger nearer (125) Note: Data for the same period and height not marked with the same letter are signifi cantly different (p<0.05). The differences were tested between density classes within heights along the stem.
to the stem base and the heavier the thinning. The maximum relative thinning response was recorded at a height of 1.3 m in the most heavily thinned plots (114% higher diameter growth than on the unthinned plot). This means that thinning increased the growth in breast height diameter in these trees by an average of 1.9 mm a -1 , which was also the maximum absolute thinning response recorded.
Thinning Response in Different Diameter Classes
In each diameter class a signifi cant response during the fi rst 3 years after thinning was observed only at heights of 1.3 and 4 m on heavily thinned plots (Table 3) . Later on the thinning response was signifi cant regardless of tree size on the moderately thinned plots as well and higher on the stem (Tables 3 and 4 ). The growth response was generally at its maximum 7-9 years after thinning regardless of tree size. But in the case of large trees, and especially higher on the stem, the maximum response was later than that. The large trees (dbh 10.4-13+ cm) had the highest diameter growth in absolute terms in all the stand density classes, and the medium-sized trees (dbh 8-10.5 cm) also grew better in diameter than the small trees (dbh 5.5-7.9 cm) over the whole 12-year post-thinning period. Furthermore, the total absolute thinning response was signifi cant at heights of up to 6 m on the heavily thinned (<1000 ha -1 ) and moderately thinned plots (1000-2000 ha -1 ) for all tree sizes (small, medium-sized and large), but not on the lightly thinned plots (2000-3000 ha -1 ). At a height of 8 m, only the diameter growth of the mediumsized trees growing in heavily thinned plots was signifi cantly greater than that observed on the unthinned plots.
Both the absolute and relative thinning responses over the 12-year post-thinning period were higher the more intensive the thinning was, regardless of tree size (Fig. 2) . The differences in absolute and relative thinning responses between trees of different size and in different stand density classes were most evident near the stem base (1.3 m), whereas higher up the stem the differences diminished. The absolute thinning response at stem base over the 12-year post-thinning period was highest in the medium-sized and large trees on the most heavily thinned plots and also on the most lightly thinned ones (see Fig. 2 ), whereas on the moderately thinned plots the small and large trees responded more than medium-sized ones did. In relative terms, the small trees on both the heavily and moderately thinned plots responded more rapidly and strongly than did the mediumsized or large trees over the whole stem, but on the lightly thinned plots the small trees responded only slightly to thinning. Table 4 . Diameter growth (mm) at heights of 6 and 8 m in the diameter and stand density classes over the given measurement periods. Relative diameter growth (%) by comparison with the unthinned plots (>3000 ha -1 ) during the same period is given in parenthesis.
Height, diameter and Diameter growth (mm) over measurement periods stand density class 1984-86 1987-89 1990-92 1993-95 1996-98 1987-98 6 m dbh1 (5.5-7.9 cm) >3000 ha -1 17.0 a (100) 11.6 ab (100) 6.3 a (100) 4.5 a (100) 
Discussion and Conclusions
The aim here was to analyse the effects of postthinning stand density (and thus thinning intensity) on the diameter growth distribution along the stem of Scots pine over a period of 12 years after thinning. The results indicated that the increase in diameter growth immediately after thinning was most marked at breast height and in the heavily thinned plots, while thinning had only a slight effect at heights of 4 and 6 m in the stem, and even reduced the diameter growth at 8 m. This was probably due to a shift in the point of maximum growth down the bole following thinning, as was also found earlier by Vuokila (1960 ), Valinger (1992a and Tasissa and Burkhart (1997) . Tasissa and Burkhart (1997) , for example, reported that thinning effects in Pinus taeda were not evident during the fi rst 3-year period after thinning except near the stem base, while according to Vuokila (1960) , the growth increase brought about by thinning was most marked along the lowest third of the stem, whereas in the middle stem thinning had either a slight effect or was entirely meaningless, and in the top of the stem it could even reduce growth. Valinger (1992a) also found in Scots pine that there was an increase in radial growth in the lower part of the stem immediately after thinning, but that it was less in the upper stem. Similar results had been reported earlier for the red pine (Pinus resinosa) by Forward and Nolan (1961) and for Norway spruce (Picea abies) by Assmann (1970) . A shift back up the stem with time was nevertheless observed in the pattern of diameter growth during the following 3-year periods after thinning. Myers (1963) , for example, observed this same shift down the stem in the ponderosa pine (Pinus ponderosa) following thinning and then back up the stem later, and similar patterns have been reported in the Scots pine (Pinus sylvestris) by Vuokila (1960) and Valinger (1992a) , in the Douglas fi r (Pseudotsuga menziesii) by Thomson and Barclay (1984) and in the loblolly pine (Pinus taeda) by Tasissa and Burkhart (1997) . During the last 3-year period, i.e. 9-12 years after thinning, the response still remained signifi cant, although it tended to diminish, especially in the lower parts of the stem. This is in line with the results of Tasissa and Burkhart (1997) , who found in Pinus taeda that the effect of thinning had not diminished to the pre-treatment level by the end of the 12-year period studied.
On the whole, the results also indicated that the diameter growth increased more substantially on the heavily thinned plots than on the less intensively thinned or unthinned plots, and more so near the stem base than further up the stem. Thus thinning intensity appears to have less infl uence on diameter growth towards the tree top. Both Tasissa and Burkhart (1997) and Moschler et al. (1989) found in Pinus taeda that radial growth increased more on heavily thinned plots than on less intensively thinned or unthinned (control) plots, and Pape (1999) made the same observations in Picea abies and Pukkala et al. (1998) in the Scots pine.
Moderate and heavy thinning increased the diameter growth of all tree size (diameter) classes signifi cantly compared with the trees on the unthinned plots (both in absolute and relative terms). The large trees had the highest diameter growth in absolute terms, but the medium-sized trees also grew better than the small ones over the 12-year post-thinning period regardless of the stand density class. Furthermore, the absolute thinning response (i.e. the difference between growth affected and unaffected by thinnings) over the 12-year post-thinning period was highest at the stem base (1.3 m) of the medium-sized and large trees on the most heavily thinned plots and also on the lightly thinned plots, whereas on the moderately thinned plots the small and large trees responded more than did the medium-sized ones.
In relative terms, however, the small trees on the heavily and moderately thinned plots responded more rapidly and strongly over the whole length of the stem than the medium-sized or large ones, although the small trees on the lightly thinned plots responded only slightly to thinning. Both the absolute and relative thinning responses over the whole 12-year post-thinning period were higher the more intensive the thinning was, regardless of tree size. The differences in absolute and relative thinning responses between trees of different size (and in different stand density classes) were most evident near the stem base, whereas they diminished higher up the stem.
Furthermore, the post-thinning diameter growth was higher than the pre-thinning diameter growth only at the stem base. The diameter growth of the trees in heavily thinned plots during the last 3-year period was still above the pre-treatment growth level in the two largest diameter classes. In line with earlier fi ndings reported by Tasissa and Burkhart (1997) , for example, the differences in growth pattern between the trees subject to more intense competition and those subject to less competition were most evident near the stem base. Thus the large (dominant and codominant) trees with the best growing conditions and physiologically effi cient crowns had a higher individual growth rate and more tapered stems than the smaller (suppressed and intermediate) trees (Larson 1963 , Kozlowski 1971 , Tasissa and Burkhart 1997 .
Similar results have been observed in many earlier studies, i.e. large (dominant) trees with large crowns have been reported to show less response to thinning in relative terms, while smaller (suppressed) trees have shown a greater relative response (see Vuokila 1960 , Larson 1969 , Pukkala et al. 1998 . Although small trees have been found to react more rapidly and strongly to thinning than large ones, the decline in growth in small trees has been correspondingly more sudden. Earlier, Pukkala et al. (1998) also found both the absolute and relative 5-year thinning responses to be at their maximum among codominant and medium-sized Scots pines, while the relative thinning response was at its minimum among the largest trees. This is also in accordance with the results reported by Nyyssönen (1954) and Niemistö (1994) .
The large variation in diameter growth, and thus as a consequence also in other wood properties, existing between trees offers an opportunity to improve wood properties through silviculture, by favouring trees which are expected to have desirable raw material properties. It also seems to be possible to affect the uniformity of wood properties within trees by proper silvicultural practices, in that Uusvaara (1985) maintains that an increase in the width of annual rings, and thus in growth rate, detracts from the quality of the timber. Distinct correlations have also been demonstrated between annual ring width in the vicinity of the pith and the internal knottiness of the wood, wood density and quality and strength of sawlogs and sawn timber (Heiskanen 1965 , Uusvaara 1985 . The percentage of high quality sawn pieces will decrease and the proportion of poorer qualities increase as the annual rings become wider in the vicinity of the pith (Uusvaara 1985) . According to Heiskanen (1965) , the most noticeable changes in the quality of timber take place between the annual ring thickness of 3 and 2 mm. It has been argued that the quality of sawn timber is highest at a growth ring width of about 2 mm, and once the width around the pith rises to 3.5 mm there is hardly any most valuable sawn timber to be obtained, although the quality also decreases at exceptionally low annual ring widths of 0.5 to 1.5 mm (Uusvaara 1985) .
If a maximum ring width of 2 mm had been used as a wood quality criterion in this study, the thinning practices applied in the heavily thinned plots would not have been classed as desirable, as the annual rings all along the stem would have been more or less 2 mm wide at least during the whole post-thinning period (see Fig. 1 ). On the other hand, a higher uniformity in ring width was found along the stem in the most heavily thinned plots than in less severely thinned ones. Furthermore, medium-sized trees could provide best quality in this respect, too. The present results, however, would not alone enable any silvicultural recommendations to be given on when and how stands should be thinned in order to obtain the desired response in terms of wood quantity and quality, i.e. more research would be needed. But, the results suggest that it is possible to affect the uniformity of wood properties such as ring width both within and between trees by thinning.
